We present chemical abundance measurements for seven stars with metallicities ranging from [Fe/H] = −3.3 to [Fe/H] = −2.4 in the Tucana II ultra-faint dwarf galaxy (UFD), based on high-resolution spectra obtained with the MIKE spectrograph on the 6.5 m Magellan-Clay Telescope. For three stars, we present detailed chemical abundances for the first time. Of those, two stars are newly discovered members of Tucana II and were selected as probable members from deep narrow band photometry of the Tucana II UFD taken with the SkyMapper telescope. This result demonstrates the potential for photometrically identifying members of dwarf galaxy systems based on chemical composition. One new star was selected from the membership catalog of Walker et al. (2016). The other four stars in our sample have been re-analyzed, following additional observations. Overall, six stars have chemical abundances that are characteristic of the UFD stellar population. The seventh star shows chemical abundances that are discrepant from the other Tucana II members and an atypical, higher strontium abundance than what is expected for typical UFD stars. While unlikely, its strontium abundance raises the possibility that it may be a foreground metal-poor halo star with the same systemic velocity as Tucana II. If we were to exclude this star, Tucana II would satisfy the criteria to be a surviving first galaxy. Otherwise, this star implies that Tucana II has likely experienced somewhat extended chemical evolution.
INTRODUCTION
The elements in the atmospheres of metal-poor stars allow us to study the chemical composition of the early universe. The elements in stellar atmospheres reflect the composition of a star's formative gas cloud. Thus, a low surface metal abundance of a metal-poor star indicates its natal gas cloud must have undergone relatively few cycles of chemical enrichments (e.g., from supernovae). This lack of enrichment implies that metal-poor stars generally formed earlier than typical solar-metallicity stars, and that metal-poor stars can be used to probe the composition of the early universe in which they formed.
The iron abundance is typically used as a proxy for the overall metal context (or "metallicity") of a star and metalpoor stars are defined to have an iron abundance of [Fe/H] ≤ −1 dex, where [Fe/H] = log 10 (N Fe /N H ) −log 10 (N Fe /N H ) (Frebel & Norris 2015) . Of particular interest are the most metal-poor stars, such as very metal-poor stars (VMP; [Fe/H] ≤ −2.0) and extremely metal-poor stars (EMP; [Fe/H] ≤ −3.0). The abundance of various elements (i.e., carbon, neutron-capture elements) as a function of overall [Fe/H] for VMP and EMP stars sheds light on the nature of the chemical evolution of the early universe (Sneden et al. 1996; Beers & Christlieb 2005; Placco et al. 2014) . Stars with [Fe/H] ≤ −4.0 can be used to constrain the yields and properties of the very first supernovae (e.g., Heger & Woosley 2010) and by extension, properties of the first stars (Bromm et al. 2009 ). Metal-poor stars have also been used to trace old substructure in the Milky Way (e.g., Starkenburg et al. 2017) , and to address a number of questions related to galaxy formation and cosmology (Spite & Spite 1982; Freeman & Bland-Hawthorn 2002; Frebel et al. 2007; Frebel & Norris 2013; Karlsson et al. 2013; Frebel & Norris 2015) .
The simpler formation history of dwarf galaxies makes them an ideal laboratory to use metal-poor stars for studying topics such as chemical evolution, star formation history, and stellar populations (Tolstoy et al. 2009 ). Furthermore, faint dwarf galaxies are thought to be the surviving analogs of the ancient galaxies that were accreted to form the Milky Way halo (Frebel et al. 2010a; Belokurov 2013) , and are also themselves older and more metal-poor than some components of the Milky Way such as the disk (Simon & Geha 2007; Kirby et al. 2013) . Thus, studying the metal-poor stars in these systems provides insights on the nature of the first galaxies and the origins of the of chemical signatures of the VMP and EMP stellar population in the halo (Starkenburg & Helmi 2015) .
Ultra-faint dwarf galaxies (UFDs), in particular, are among the oldest (≥10 Gyr), most metal-poor (typically a mean [Fe/H]< −2.0), and dark-matter dominated (M/L V 100) (e.g., Brown et al. 2014 ) dwarf galaxy systems. These characteristics make stars in UFDs especially promising targets to study the aforementioned questions. Several surveys over the past decade have detected dozens of UFDs (Willman et al. 2005; Zucker et al. 2006; Belokurov et al. 2007; Walsh et al. 2007; Willman 2010; Bechtol et al. 2015; Drlica-Wagner et al. 2015; Kim & Jerjen 2015; Kim et al. 2015; Koposov et al. 2015; Laevens et al. 2015a,b; Drlica-Wagner et al. 2016; Homma et al. 2016 Homma et al. , 2018 , thus greatly increasing the prospect for studying the population of metal-poor stars in their environments.
To investigate the detailed chemical composition of stars, it is necessary to obtain high-resolution spectra. Results already show the utility of detailed studies of the composition of metal-poor stars in UFDs. For instance, the strong over-abundance of neutron-capture elements associated with the r-process in seven stars in the Reticulum II UFD has constrained the dominant astrophysical site of the r-process (Ji et al. 2016a ). However, only 59 stars have been observed with high-resolution spectroscopy in 14 UFD systems (Koch et al. 2008; Feltzing et al. 2009; Frebel et al. 2010a Frebel et al. ,b, 2014 Norris et al. 2010a,b; Simon et al. 2010; Gilmore et al. 2013; Koch et al. 2013; Ishigaki et al. 2014; Koch & Rich 2014; Roederer & Kirby 2014; Ji et al. 2016b,c,d; Hansen et al. 2017; Kirby et al. 2017; Venn et al. 2017; Nagasawa et al. 2018) since the low stellar mass ( 10 4 M ), distance (d 30 kpc), and lack of giant branch stars in UFDs (e.g., Martin et al. 2008 ) strictly limits the stars for which high-resolution spectroscopy can be performed with current technology. Adding to the observational burden, medium-resolution spectroscopy is required to identify which stars in their field are members of these systems before high-resolution observations can be carried out. All of these reasons make the time required to identify and observe member stars of UFDs a bottleneck to progress in the field.
In this paper, we present the chemical abundances of seven stars with [Fe/H] ranging from −2.4 to −3.3 dex in the UFD Tucana II (Bechtol et al. 2015; Koposov et al. 2015) derived from high-resolution spectroscopy. Two stars are new members that were identified from photometry of the Tucana II dwarf galaxy obtained with the filter set on the SkyMapper telescope (Chiti et al. 2018, in prep) . The discovery of these stars motivated studying Tucana II in more detail. We also observed one new star that was previously confirmed as a member by Walker et al. (2016) . To supplement the new observations, we decided to re-analyze the four stars with published measurements from Ji et al. (2016b) , after collecting additional data to improve measurement precision. Since observations suggest that UFDs contain no members with [Fe/H] > −1, selecting metal-poor stars from photometry is a potentially powerful way to identify significant numbers of UFD members for spectroscopic follow-up observations. This has the potential for bypassing the expensive medium-resolution spectroscopy step of the process, and thus accelerating the characterization of UFDs and other dwarf galaxies. This paper is organized as follows. We outline the target selection procedure and observations in Section 2, discuss the abundance analysis in Section 3, present the chemical signatures of stars in Tucana II and implications in Sections 4, and conclude in Section 5. 
TucII-206
Figure 1. Plots of the CH region (left), Mg b line region (center), and Hα feature (right) for each of the Tucana II members with no prior high-resolution chemical abundance measurements available. TucII-078 was spectroscopically identified as member (Walker et al. 2016) , while TucII-203 and TucII-206 were identified based on narrow band photometry.
Members from Walker et al. (2016)
Ji et al. (2016b) observed TucII-006, TucII-011, TucII-033, and TucII-052 with the MIKE spectrograph (see Table 1 ). All four stars were selected from the membership catalog of Walker et al. (2016) . They observed each star between 
Members selected from SkyMapper photometry
Through a P.I. program, we obtained SkyMapper photometry of Tucana II using the 1.3 m telescope at Siding Spring Observatory. In an upcoming paper, we will fully discuss the implementation of the SkyMapper filter-set to determine photometric metallicities (Chiti et al. 2018 , in prep) but we briefly discuss the method here. The SkyMapper filter set includes a narrow-band v filter that covers the prominent Ca II K line at 3933.7Å (Bessell et al. 2011) . Given the strength of this line, the preponderance or lack of metals sufficiently affects the line strength which changes the total flux through this filter. Thus, a metal-poor star with a weak Ca II K line appears brighter in this filter than more metalrich stars. To quantify this effect, we generated a grid of flux-calibrated spectra using the Turbospectrum synthesis code (Alvarez & Plez 1998; Plez 2012 ), the MARCS model atmospheres (Gustafsson et al. 2008) , and a line list derived from the VALD database (Piskunov et al. 1995; Ryabchikova et al. 2015) . The stellar parameters of our grid covered the expected stellar parameters (4000 < T eff [K] < 5700; 1 < log g < 3) and metallicities (−4.0 < [Fe/H] < −0.5) of RGB stars in dwarf galaxies. We closely followed the methodology of Bessell & Murphy (2012) and Casagrande & VandenBerg (2014) to generate a library of synthetic photometry through the SkyMapper u, v, g, and i filters for spectra in this grid.
By relating our observed SkyMapper photometry in the v, g, and i filters to the synthetic photometry from our grid, we selected a few metal-poor targets for spectroscopic test observations. Two of these targets were confirmed as members of Tucana II since radial velocity measurements from their MIKE spectra were similar to the systemic velocity of Tucana II of −129.1 km/s (Walker et al. 2016 ).
High-resolution spectroscopy
The data in this paper were obtained with the Magellan Inamori Kyocera Echelle (MIKE) spectrograph on the Clay telescope at Las Campanas Observatory (Bernstein et al. 2003) . The observations were taken between August 14-17 and October 7-11, 2017. Examples of the spectra are shown in Figure 1 . The location of each star in the color magnitude diagram of Tucana II is shown in Figure 2 . Targets were observed with 2x2 binning and the 1. 0 slit (R ∼ 28,000 on the blue chip and R ∼ 22,000 on the red chip) covering ∼3500Å to ∼ 9000Å. The weather was mostly clear on all nights. The spectra were all reduced and wavelength-calibrated with the MIKE CarPy pipeline 1 (Kelson 2003). (Dotter et al. 2008 ) with an age of 12.5 Gyr, distance modulus of 18.8, and a metallicity of [Fe/H] = −2.5 is overplotted in black along with offsets of (g−r)±0.1 in dashed lines to guide the eye. We denote with different colors the four members previously observed by Ji et al. (2016b) , one member selected from Walker et al. (2016) , and two selected from our SkyMapper photometry. Open circles indicate confirmed members in Walker et al. (2016) with no high-resolution spectroscopic observations. Right: Spatial distribution of Tuc II members centered on the coordinates of Tucana II. The elliptical half-light radius from Koposov et al. (2015) is overplotted. In both plots, each star is labeled by its identifier as found Table 1. 3. ABUNDANCE ANALYSIS
Derivation of stellar parameters and chemical abundances
The python-based Spectroscopy Made Hard (SMH) analysis software first described in Casey (2014) was used for the majority of our analysis, including normalizing spectra, measuring equivalent widths, and generating synthetic spectra. Our version of this software made use of the 2011 version of MOOG (Sneden 1973) , which has an updated treatment of scattering from Sobeck et al. (2011) . The spectroscopic stellar parameter adjustment scheme by Frebel et al. (2013) We derived radial velocities by cross-correlating our observed spectra with a template spectrum of HD140283 over the Hβ feature at 4861Å. Heliocentric velocity corrections were derived using the rvcorrect task in IRAF. We find evidence that TucII-078 may be in a binary, since our measured velocity is ∼ 12 km/s greater than the velocity reported in Walker et al. (2016) .
We determined stellar parameters and chemical abundances following Frebel et al. (2013) whose methodology we briefly outline in this paragraph. First, equivalent widths were measured by fitting a Gaussian profile to each line. We generally excluded lines with reduced equivalent width measurements greater than −4.5, since these measurements potentially lie outside the linear regime of the curve of growth. We varied the stellar parameters (T eff , log g, v micro , and [Fe/H]) until our Fe I abundances showed no trend with both excitation potential and reduced equivalent width. We further constrained log g by requiring our Fe I and Fe II abundances to match. We then corrected our T eff with the prescription given in Frebel et al. (2013) , but re-adjusted log g, v micro , and [Fe/H] until the above criteria were again satisfied. To determine random uncertainties, stellar parameters were varied to match the 1σ uncertainty in the Fe I abundance trends. These random uncertainties were added in quadrature to the systematic uncertainties, which were assumed to be 150 K for T eff , 0.3 dex for log g, and 0.2 km s −1 for v micro . Final stellar parameter measurements are listed in Table 2 .
We followed a few prescriptions to determine uncertainties for abundances based on equivalent width measurements. For abundances measured with a large number of lines (N ≥ 10), we take the standard deviation of the individual line abundances as the random uncertainty. We adopt the standard deviation as it well represents abundance uncertainties obtained from data with poor signal to noise. For abundances with a small number of lines (1 < N < 10), we derived random uncertainties by multiplying the range covered by the line abundances by the k-statistic following Kenney (1962) to obtain a standard deviation. The k-statistic gives measurements with a smaller number of lines an appropriately larger uncertainty. For abundances derived from only one line measurement, we derived the random uncertainty by varying the continuum placement and assuming the resulting abundance variation as the uncertainty. If any resulting random uncertainty was below the standard deviation of the abundances of the iron lines, we nominally adopt as a conservative random uncertainty the standard deviation of the iron abundance (0.12 dex to 0.27 dex). The total uncertainty for each element was then determined by adding the random uncertainty in quadrature with the systematic uncertainties. The systematic uncertainties were assumed to be the difference in the abundances caused by varying each stellar parameter by its 1σ uncertainty.
For abundances measured by spectrum syntheses, we also derived uncertainties by adopting the procedure in the previous paragraph. If an element had only one synthesized line, the random uncertainty was assumed to be the change in abundance that was required to capture the variations of the continuum placement. The systematic uncertainty was obtained by measuring the change in the abundance after varying each stellar parameter by its 1σ uncertainty. If an element had measured abundances from both spectrum synthesis and equivalent width measurements, we pooled the measurements and derived random uncertainties following the procedure outlined in the previous paragraph. The random uncertainty was then added in quadrature with the systematic uncertainties for each star to derive a total uncertainty. Certain elements (e.g., Al and Si) had absorption features that were detected in our data, but the signal to noise was too poor to derive a meaningful abundance and especially uncertainty. However, we report tentative abundances but mark them with a colon in Table 3 to indicate a large uncertainty. Our measurements and uncertainties are listed in Tables 3 and 4 . Our individual equivalent width and synthesis measurements are listed in Table 5 .
Comparison to Ji et al. (2016b) and Walker et al. (2016)
We compare our results with measurements from Ji et al. (2016b) and Walker et al. (2016) to check consistency with previous studies of Tucana II. We focus on comparisons with Ji et al. (2016b) , with whom we have four stars in common, as they also analyzed high-resolution spectra from the MIKE spectrograph.
We first discuss our measured stellar parameters and chemical abundances of TucII-006, TucII-011, TucII-033, and TucII-052 in comparison to those presented in Ji et al. (2016b) . For TucII-011 and TucII-052, we find excellent agreement (within 1σ) in stellar parameters and chemical abundances. For TucII-006, we measure a discrepant log g by 0.4±0.4 dex, a discrepant microturbulence by 0.25±0.26 dex, and a discrepant [Fe/H] by 0.25±0.21 dex, where the uncertainties are from Ji et al. (2016b) . However, 0.15 dex of the discrepancy in [Fe/H] can be explained by differences in the stellar parameters, and the discrepancy in the stellar parameters can be explained by the lack of Fe II measurements for that star in Ji et al. (2016b) . We measure three Fe II lines for the same star due to the better S/N of our spectra. This comparison underscores the importance of propagating stellar parameter uncertainties to final abundance uncertainties, particularly in the case of spectra with low S/N and few lines. For TucII-033, we measure a larger microturbulence and [Fe/H], which partially contributed to large discrepancies in the measurements of the Sr and Ba abundances (see Section 4.1). To isolate whether the discrepancies in measurements of TucII-033 were indeed due to the better S/N of our spectra, we performed our analysis on exactly the spectra used in Ji et al. (2016b) . Furthermore, we chose to analyze the spectra of all four stars in Ji et al. (2016b) as a check on our method of measuring equivalent widths and deriving stellar parameters.
Applying our methodology to the same spectra that Ji et al. (2016b) analyzed gives broadly consistent results. We recover their measured T eff within their reported 1σ bounds. We also recover their log g measurements to within 1σ for all stars. We find general agreement within 2σ between our microturbulence measurements and no obvious systematic effects.
All [Fe/H] measurements agree within 1σ as well, but we measure a larger [Fe/H] by at least 0.15 dex for three stars (TucII-006, TucII-033, and TucII-052). For the star with the largest discrepancy (TucII-033), we thus inspected the equivalent width measurements. After inspecting fits to the individual absorption lines, it became apparent that the discrepancy is likely due to unfortunate continuum placement issues with the automated continuum fitting routine in previous work. We thus inspected and compared equivalent widths of all stars, as shown in Figure 3 . We find a small (somewhat) statistically significant difference between measurements for TucII-001 and TucII-052 but which Equivalent width J+16 (mA)
TucII-052 are overall on the level of 3-4 mÅ, and thus not a source for any significant abundance differences. No offset is found for TucII-006. For TucII-033, there is indeed a significant offset, of ∼ 10 mÅ, which indeed explains why we measure systematically increased [Fe/H]. We conclude that any abundance discrepancies are consistent with previous uncertainties, but we now have significantly better S/N than before. Thus, differences in our final stellar parameters and abundances between this work and Ji et al. (2016b) are likely due to the additional observations that we have combined with theirs for a new analysis presented here. Walker et al. (2016) measured metallicities for their Tucana II stars by matching their observed spectra of the Mg b region (∼5150Å) to a grid of synthetic spectra in the Segue Stellar Parameters Pipeline (SSPP; Lee et al. 2008) . They obtained R ∼18,000 spectra of their brighter targets and R ∼10,000 of their fainter targets. We find that our metallicities are typically much lower (at least ∼0.50 dex) than those in Walker et al. (2016) for the five stars in common, including the four stars in Ji et al. (2016b) . There is no obvious significant systematic difference between other stellar parameters that could explain this offset. We do measure lower T eff values by 70 K on average, but this difference does not explain such a large difference in the metallicities. Neither do we see trends in our measured Mg abundances that could affect the Mg b region, and consequently, the metallicity measurements in Walker et al. (2016) . Much of the discrepancy, however, can be attributed to the fact that Walker et al. (2016) applied a metallicity offset of 0.32 dex to their measurements based on an offset with respect to the measured metallicity of a solar spectrum, which may not be appropriate in our case, given that the Sun and these dwarf galaxy stars have very different stellar parameters.
CHEMICAL SIGNATURES OF THE TUCANA II STELLAR POPULATION
We first explore the possibility that TucII-033 is a halo interloper in Section 4.1. Then, we discuss the trends of element abundances provided, and how they characterize the stellar population of Tucana II in the remainder of this section.
Is TucII-033 a member of Tucana II?
Traditionally, the membership status of stars in dwarf galaxies is derived from a combination of velocity and metallicity measurements. However, the detailed chemical abundances of candidate member stars might also be used to determine membership because UFDs are expected to show distinct chemical signatures (e.g., lower Fe, Sr, Ba) compared to the halo background. Additional evidence for non-membership might be gained if any star has chemical abundances distinct from those of other stars in the sample. The small number of stars currently known in UFDs that do not necessarily yield well-defined abundance trends over large parameter space (e.g., [Fe/H]) requires, in particular, that any claim of chemical (non-)membership be investigated thoroughly. In this section, we thus discuss if any stars in our sample have chemical signatures that challenge their radial velocity membership status.
All stars in our sample except one have abundances that are consistent with those of typical UFD stars, as can be seen in Figures (with a standard deviation of only 0.14 dex). The remaining star (TucII-078) is also distinct in that it has a low upper limit on its Sr abundance. The lack of Sr in TucII-078 relative to the other Tucana II members is puzzling, but similar stars are known to exist in other UFDs (e.g., Segue I). TucII-033 has an enhancement in Sr that appears to agree with the trend for halo stars as shown in Figure 6 , whereas TucII-078 and the other Tuc II members have Sr abundances far below the halo trend. This comparison raises the possibility that TucII-033 might be an interloping halo star with the same systemic velocity as Tuc II.
To further investigate, we determined whether it was plausible for a halo star to have the same systemic velocity of Tucana II (v sys = −129.1 km/s; Walker et al. 2016) . We retrieved the velocities of halo stars with metallicities of [Fe/H] < −2.0 in the literature (Abohalima & Frebel 2017) . We find that this sample of 799 halo stars has a distribution of velocities that is roughly Gaussian and centered on 15 km/s with a standard deviation of 154 km/s. Using this distribution of velocities, we can calculate the odds of finding an interloping halo star around the mean systemic velocity of Tucana II. We derive a 6% chance of finding a halo star within two times the velocity dispersion (8.6 km/s in Walker et al. 2016) around the mean velocity of Tucana II, and a 9% chance if we increase the bounds to three times the velocity dispersion. Thus, it is unlikely but not unreasonable for a metal-poor halo star to have the same systemic velocity as Tucana II. As an aside, we do note that considering exclusion from our sample likely does not affect the status of Tucana II as a dwarf galaxy. Walker et al. (2016) [Fe/H] ratio for the abundances of carbon, the odd-Z elements, the iron-peak elements, and europium. Gray data points correspond to stars in the halo (Frebel 2010; . Colored symbols are UFD stars. Error bars correspond to random uncertainties; see Table 4 for total uncertainties. Abundances marked by colons (:) in Table 3 are shown with uncertainties of 0.5 dex. The carbon abundances in this plot are not corrected for the evolutionary state of each star following (Placco et al. 2014 ); see Table 3 for corrected carbon abundances. In general, the abundances of these elements in Tucana II stars agree with trends in other UFD stars. In the case of Reticulum II and Tucana III, this Sr enhancement is reflective of strong and moderate r-process enrichments, respectively. Given that the origin of these enhancements clearly derive from r-process events that occurred in these systems, and that these events are regarded rare, we do not consider them to be typical examples of UFDs. Moreover, TucII-033 is not a r-process enhanced star. et al. 2010b, 2014) . This high Sr abundance measurement of TucII-033 also naturally raises the question of why the Sr abundance was not recognized as such in the previous study of this galaxy. Upon investigation, we find that we measure a higher Sr abundance than Ji et al. (2016b) by 0.70 dex. However, their Sr abundance has a large uncertainty (∼ 0.6 dex) and somewhat distorted lines due to low S/N at the Sr lines (4077Å and 4215Å). Our improved S/N in this region clearly shows that high Sr is required.
We do note that TucII-033 is distinct from halo stars in that it has a markedly lower [α/Fe] ratio (∼0.05 dex) than other halo stars (∼ 0.4 dex) as discussed in Section 4.3. Using the compilation by Abohalima & Frebel (2017) , we find that only 8% of halo stars have a lower Ca abundance than TucII-033 and 15% have a lower Mg abundance. These fractions, when viewed in the context that TucII-033 has the same systemic velocity as Tucana II, make it less likely that TucII-033 is an interloping star.
For these reasons, for the remainder of the analysis, we present two lines of argument: one assuming TucII-033 as a member, and one assuming TucII-033 as a non-member. The exclusion of TucII-033 from the interpretation of this galaxy would be meaningful, since its low [α/Fe] abundance would otherwise imply that Tucana II had an extended star formation history and would thus not be a surviving first galaxy (see Sections 4.3 and 4.5). While the Sr abundance of TucII-033 might suggest that it is a halo interloper, its [α/Fe] and velocity make this scenario less likely.
Carbon
Empirically, a high fraction of EMP stars in the halo (∼ 42%; Placco et al. (2014) ) are enhanced in carbon ([C/Fe] > 0.7 dex) and are thus classified as carbon-enhanced metal-poor stars. This enhancement in carbon has been used to constrain potential sites of nucleosynthesis that may have dominated early chemical evolution (e.g., Tominaga et al. 2007; Cooke & Madau 2014; Frebel & Norris 2015) . From the paradigm of hierarchical galaxy formation, we might expect that stars in dwarf galaxies also display this enhancement given that accreted analogs perhaps contributed to the metal-poor population of the halo. However, recent studies of the prevalence of carbon-rich stars in dwarf galaxies give differing results (Kirby et al. 2015; Jablonka et al. 2015; Chiti et al. 2018, submitted) . (Frebel 2010; . Colored symbols are UFD stars. Error bars correspond to random uncertainties; see Table 4 for total uncertainties and Section 3.1 for a discussion on deriving uncertainties. The most metal-rich star in Tucana II (TucII-033) has Sr and Ba abundances that are above those typically seen in UFD stars.
In Tucana II, we find that three stars out of five with [Fe/H] < −2.9 are enhanced in carbon, following the correction in Placco et al. (2014) . This fraction is slightly larger than that of the halo, with the caveat of the small size of our sample. One star (TucII-011) appears to be somewhat less enhanced in carbon ([C/Fe]= 0.29 after correction for the evolutionary state of the star). This slight outlier might reflect inhomogeneous mixing of gas in the system or multiple avenues of enrichment that contributed to the chemical evolution of the system.
α-elements
The abundance of α-elements (Mg, Si, Ca, Ti) in stars can be used investigate the integrated population of supernovae (SNe) that chemically enriched the natal gas cloud of the stars. In particular, enrichment by core- Kirby et al. 2011) . Typically, this switch from a flat to a declining [α/Fe] vs. [Fe/H] indicates the metallicity at which type Ia SNe started dominating the Fe production. The most metal-rich member of our sample, TucII-033, shows a slight deficiency in its α-element abundance compared to the other stars in our sample. This deficiency suggests that Type Ia SNe contributed to the chemical abundances of at least some stars in this galaxy, which in turn would suggest somewhat extended star formation and chemical enrichment in Tucana II (e.g., Kirby et al. 2011) . Declining [α/Fe] is seen in most UFDs (Vargas et al. 2013) , though Tucana II is one of the least luminous UFDs with available [α/Fe] measurements.
If TucII-033 were a halo interloper (see Section 4.1), our sample would instead show a trend consistent with a constant [α/Fe], as produced by core-collapse SNe only. We note, that the lower Mg abundance displayed by TucII-006 is likely due to a distortion in one of the two lines used to measure its abundance, which is reflected in the larger uncertainties on its Mg abundance of 0.46 dex.
Odd-Z, iron-peak and neutron-capture element abundances
We find no significant deviation from the halo trend in the odd-Z elements (Na, Al, Sc) and iron-peak elements (Cr, Mn, Co, Ni) . This is also consistent with abundances of other UFD stars in the literature (see Figures 4 and 5) . We do find one star (TucII-078) with a lower Na abundance than typical halo and dwarf galaxy stars.
We find low strontium and barium abundances in six stars that are characteristic of the stellar populations set by other UFD stars (see Figure 6) . See Section 4.1 for a discussion of the neutron-capture element abundances in TucII-033. We do not detect europium or other neutron-capture elements in any stars in our sample.
Tucana II as a surviving first galaxy
Frebel & Bromm (2012) The first prediction is a consequence of inhomogeneous mixing in the first galaxies, and the last two predictions are consequences of the first galaxies being enriched by "one-shot" chemical enrichment events since extended star formation is not thought to have occurred in the first galaxies. The second criterion simply confirms enrichment by supernovae. According to our chemical abundance results, Tucana II largely satisfies the aforementioned first, second and fourth criteria for a surviving first galaxy. The second one would also be satisfied if we exclude TucII-033 when assuming it is a halo interloper (see Section 4.1). However, if we include TucII-033 in the interpretation, then its Sr relative enhancement relative to other Tuc II members and [α/Fe] deficiency would imply that Tuc II had undergone some period of chemical evolution, and would thus not be a surviving first galaxy. Given the low luminosity of Tucana II (∼ 3 × 10 3 L ; Bechtol et al. 2015; Koposov et al. 2015) , it would still be interesting to find that Tucana II has some chemical evolution as opposed to isolated chemical enrichment events.
Together with Segue 1 (Frebel et al. 2014) , Tucana II might still be one of the best candidates for a surviving first galaxy, as determined from chemical abundances of six stars in each galaxy. Moreover, these six stars form the majority of known members in Tucana II, and their chemical abundances suggest that most stars in the galaxy are consistent with having formed in a first galaxy environment. Theoretical modeling of early galaxies such as these two systems could shed further light on this issue. However, detailed abundances of more stars with [Fe/H] −2.5 in Tucana II are needed to further investigate the nature and origin of Tucana II, as is the case with other potential first galaxy candidates (i.e., Ursa Major II, Coma Berenices, Leo IV).
CONCLUSION
In this paper, we presented the high-resolution chemical abundance measurements of seven stars in the Tucana II dwarf galaxy. Three stars with no previous high-resolution chemical abundance measurements were analyzed. Four other stars had been reanalyzed from the sample in Ji et al. (2016b) with the addition of new data.
From the detection of new members and the re-analysis of known members, we were able to discuss the chemical signatures of stars in the Tucana II UFD. We raise the possibility that one of the stars (TucII-033) may be an interloping halo star given its high Sr abundance with respect to other known UFD stars, but its velocity and [α/Fe] ratio make this unlikely. Excluding TucII-033 from the interpretation, Tucana II does meet all the criteria to be a surviving first galaxy (Frebel & Bromm 2012) . Assuming TucII-033 is a member, Tucana II would not meet the one-shot enrichment criterion due to the star's low [α/Fe] and likely somewhat extended chemical evolution.
We confirmed two new members of Tucana II that were pre-selected as probable members from SkyMapper photometry. Given the large field of view of the SkyMapper telescope (5.7 sq. deg.) and the metallicity discriminating "v" filter, we were able to search for metal-poor stars within a large area around Tuc II UFD. As a result, our two new members are ∼ 2 half-light radii from the center of Tucana II and may have been missed by traditional spectroscopic follow-up observations (see Figure 2) . Interestingly, one of these new members is the most metal-poor star discovered in Tucana II thus far ([Fe/H] = −3.34). From our small sample, we however cannot claim these new members display systematic differences to stars near the center of Tucana II.
This new photometric metal-poor star identification technique might aid in identifying members for detailed chemical analysis and studying potential correlations with substructure of UFD systems. Combining this photometric selection technique with traditional spectroscopic follow-up would result in more accurate parameters for UFDs (e.g., half-light radii, mass-to-light ratios), supposing the photometry itself could predict membership status. In particular, this highly efficient large-field of view method for finding members would be interesting to apply on systems that show potential elongated tidal features, such as Tucana III (Drlica-Wagner et al. 2016; Simon et al. 2017) . Moreover, the spectroscopic study of more stars in UFDs would have multiple benefits. For instance, detecting more stars with [Fe/H]∼ −2.5 in Tuc II would potentially resolve whether the entire galaxy had undergone chemical evolution. This would better inform whether TucII-033 is indeed a halo interloper or rather signaling unusual enrichment events or some degree of chemical evolution in that UFD. At minimum, future work will extend this selection technique to other UFDs for the purpose of efficiently identifying new members and enabling detailed abundance measurements.
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